the ability of D. pachea to survive on lathosterol alone, are surprising.
Ultimately, it was the loss of ability to use cholesterol, rather than the use of lathosterol or alkaloid tolerance, that turned D. pachea into an obligate specialist. Lang et al. [3] have traced this change to at least four amino acid substitutions in the nvd gene. Reintroducing the ancestral amino acids into the D. pachea Nvd enzyme restores its ability to metabolize both precursors [3] . If the ancestral species could use both substrates, why did D. pachea give up cholesterol, cutting it off from every available host plant other than senita? Was this sacrifice driven by positive selection, or does it simply reflect a mutational decay of an unused function?
Transgenic experiments suggest that the same mutations that made Nvd unable to metabolize cholesterol may increase D. melanogaster fitness on lathosterol [3] . DNA sequence variation around the nvd locus in D. pachea shows a signature consistent with past episodes of positive selection, although it is not clear whether the target of selection was nvd itself or a nearby gene [3] . It is possible that changes in Nvd occurred after D. pachea was already restricted to senita by other, perhaps behavioral, mechanisms. A more intriguing possibility is that these mutations were fixed as a result of a fitness trade-off. Similar to other cactus-feeding species [7] , D. pachea must have gone through a phase in its evolutionary history where it fed on multiple cactus species. Phylogeographic evidence suggests that this phase may have occurred in Southeastern Mexico, where the range of available host plants was far wider than in the present-day Sonoran Desert [5, 7] . Theoretical models indicate that ecological specialization can evolve as long as fitness on different hosts has less than perfect correlation. In other words, selection will favor specialization if alleles that are positively selected on one host are less strongly positively selected, or neutral, on other hosts [20] . Even though ancestral Nvd could metabolize either cholesterol or lathosterol, mutations that conferred fitness benefits on lathosterol-producing cacti could be fixed during a multi-host evolutionary transition even if they were neutral or weakly deleterious on other plants. This change would pre-adapt D. pachea to the depauperate ecosystem of the Sonoran desert.
The work of Lang et al. [3] provides an excellent example of how molecular insights derived from research in genetic model systems can be brought to bear on long-standing ecological and evolutionary questions. As technological developments increase our ability to interrogate the genomes of non-model taxa, the integration of comparative and functional approaches will help elucidate the deepest mechanisms of evolution. Nup98, a nucleoporin that has long captured attention for its involvement in human leukemia [2] , plays a critical role in the mechanism of nuclear transport.
NPCs must conduct receptor-mediated transport of cargo as immense as a viral replication complex (w40 nm), while simultaneously posing a barrier to the passage of large non-cargo molecules (>5 nm or w40 kd) and permitting the diffusion of smaller molecules [1] . The exact nature of this critical permeability barrier and the mechanism by which receptors penetrate the barrier have remained uncertain. Multiple models have been proposed and hotly debated but, to date, biological evidence in favor of any one model has been limited. Hulsmann et al. [1] now make a substantial advance in support of their selective phase/hydrogel model, validating its predictions through functional tests of normal and modified pores. This study makes use of the powerful Xenopus egg extract system in which chromatin, membrane vesicles and cytosol are combined to reconstitute nuclei capable of functions from nuclear transport to DNA replication (see [3] and references therein).
Gates, Virtual and Otherwise
To appreciate the advance of Hulsmann et al. [1] , a little knowledge of the players and competing models is needed. From yeast to mammals, the NPC is composed of w30 nucleoporin proteins or Nups. Most are structural, but about one third are FG-repeat Nups. These contain unstructured repeat domains [4, 5] , with multiple FG (phenylalanine-glycine) motifs separated by loosely conserved spacers. FG Nups are critical for both the permeability barrier and translocation of receptor/cargo complexes through the pore.
FG domains fall into two classes: those that are cohesive and thus can participate in intermolecular interactions among themselves, and those that are non-cohesive ( Figure 1A ) [6] . In general, cohesive domains are enriched in GLFG (glycine-leucinephenylalanine-glycine) or FxFG repeat motifs, separated by uncharged spacers high in serine and threonine. In contrast, non-cohesive domains consist of FG or FxFG motifs and highly charged spacers. Both classes interact with NTRs (>20 in vertebrates) and NTR/cargo complexes.
For over a decade, controversy has raged over how FG domains are organized within the NPC and how they function in both transport and the permeability barrier. Increasingly, models focus on FG domain cohesiveness. The early 'virtual gate' model did not include distinct roles for cohesive and non-cohesive FG domains. FG domains were proposed to act as flexible filaments that occupy the entrances on either face of the NPC [7] . By repelling large non-cargo macromolecules, these FG filaments create an entropic barrier to entry ( Figure 1B) . NTRs overcome the entropic energy barrier by binding to the FG domains, enabling the passage of receptor/cargo complexes [7] . The related 'polymer brush' model postulates that certain FG domains collapse upon receptor binding, clearing the way for receptor/cargo passage [8] . A 'reduction of dimensionality' model arranges the FG motifs peripherally with the spacers occupying the center of the pore and forming the barrier to large non-cargo molecules. Transport receptors in this model undergo a 2D random walk along the peripheral channel of FG repeats ( Figure 1B) [9] .
The 'selective phase/hydrogel' model, proposed by the Gorlich group a decade ago [10] , posits that cohesive FG domains associate in the center of the NPC to form a sieve-like gel which acts as a barrier to free diffusion of large, but not small, non-cargo molecules ( Figure 1B ) [10, 11] . Transport receptors bind to the FG motifs in the cohesive domain, leading to transient local disruption of the gel. This allows the receptors to move through the gel without disrupting the overall barrier ( Figure 1C ). In this model, no specific role is proposed for the non-cohesive FG Nups. Finally, the 'forest' model combines several elements of the others in a novel arrangement of FG domains: cohesive FG domains occupy the central NPC channel, as in the selective phase/hydrogel model, while non-cohesive FG domains form an entropic barrier in a concentric outer channel ( Figure 1B ) [5, 12] . Other interesting models derived more from kinetic or microscopic analysis are not covered here.
Nuclear Reconstitution Provides Evidence For the Selective Phase Model
Gorlich and colleagues previously showed that highly concentrated, purified FG domains form gels in vitro (see for example [11] ). These visually arresting, macroscopic gels, while controversial, showed certain NPC-like properties. Transport receptors were able to penetrate the gels, whereas large, non-receptor bound proteins were excluded.
Hulsmann et al. [1] , using reconstituted nuclei and modified nuclear pores, now provide functional evidence to support their selective phase model. Depletion of Xenopus nuclear reconstitution extracts using the lectin wheat germ agglutinin (WGA) is known to remove a set of glycosylated nucleoporins (Nup62, Nup98, and Nup214) along with their binding partners, and to lead to formation of nuclei incapable of nuclear import, in essence 'biochemically mutant' nuclei [3] . Import is restored by re-addition of the full set of glycosylated nucleoporins [3] . Hulsmann et al. find that both reasonable import and the ability to exclude large non-cargo molecules can be restored by the sole addition of one recombinant nucleoporin: Nup98. Although the extent of import was not quantified, presumably Nup98 restored WGA-depleted nuclei only to the very reduced import level typical of nuclei lacking Nup62 [1, 13] . Most significantly, the FG/GLFG repeat domain of Nup98 was essential for restoration of function ( Figure 1A) . Interestingly, Nup98 is the only vertebrate nucleoporin with numerous GLFG repeat motifs. Additionally, orthologous yeast GLFG domains are the most cohesive when tested in vitro [6] and the presence of one or more is essential for yeast viability [14] . The amino-terminal half of Nup98 contains GLFG and FG repeats, while the carboxyl terminus provides targeting to the NPC ( Figure 1A ) [1] . Together with its position at the center of the NPC [15] , Nup98 is thus an ideal candidate for a vertebrate hydrogel permeability barrier.
Two illustrative experiments by Hulsmann et al. [1] support the importance of a cohesive domain for import and the permeability barrier. First, when the FG/GLFG domains from the cohesive yeast Nup98 orthologs, ScNup100p and ScNup116p [6] , were substituted for the Nup98 repeat domain, they restored both transport and the permeability barrier to reconstituted nuclei.
Next, the FG domain of ScNsp1p, a yeast Nup with a bipartite FG domain, was examined. They found that neither its full FG domain nor the large non-cohesive portion of its domain could substitute for the GLFG region of Nup98. However, when four tandem copies of a small cohesive portion of ScNsp1p were fused to the Nup98 carboxyl terminus, the chimera restored transport and the permeability barrier. This is particularly noteworthy since none of the ScNsp1p FG motifs are GLFG, although the spacers share the overall uncharged character of cohesive domains. This experiment is perhaps the strongest support of the selective phase model: a cohesive region from a distant species and a non-orthologous nucleoporin, distinct in sequence but similar in overall properties, provides a functional substitute.
Conclusions
Do the findings of Hulsmann et al. [1] sound the death knell for competing models of transport? Not necessarily, as their results are compatible with aspects of other models. For example, loss of the cohesive FG domains, which in the forest model form the central channel barrier [5] , could lead to the observed leaky NPCs, even if the outer Nup98 is a dynamic nucleoporin [16] and its level of association with the NPC can be influenced by phosphorylation [17] . Nucleoporin dynamics may thus provide another level of nuclear transport regulation.
Lastly, Nup98 has an increasing number of additional cellular roles, including but not limited to roles in transcription (reviewed in [18] ), intranuclear bodies [16] , cell cycle regulation [19] , and mitotic spindle assembly [20] . Importantly, the Nup98 gene is also a target of chromosomal translocations that produce fusion proteins containing the FG/GLFG domain of Nup98 and lead to acute myelogenous leukemia [2] . Clearly, determining how the multi-tasking Nup98 serves -and coordinates -so many diverse functions will be of interest for some time to come.
How do gene regulatory networks evolve? A new study in yeasts shows that cis-and trans-regulatory changes resulted in a hybrid state of coexisting ancestral and derived regulatory circuits. This hybrid state then diversified into a variety of modern networks.
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When you come to a fork in the road, take it.
-Yogi Berra
Imagine you're in a car, driving down a highway. How could you convert your power source from an internal combustion engine to an electric motor -traveling at full speed all the while? This is the puzzle facing those who study the evolution of gene regulatory networks. When two related lineages use different strategies to solve the same problem, it can be challenging to retrodict the state of their common ancestor, keeping in mind that all intermediate states must be fully functional (that is, the engine has to keep running during the conversion process). In a recent Cell paper, Sandy Johnson and colleagues [1] now report that hybrid states, in which ancestral and derived regulatory mechanisms coexist, can sustain functionality while major transitions in network structure take place.
Evolutionary diversity derives in large part from gradual changes to transcriptional regulatory circuitry [2] . These innovations occur both in cis (changes to regulatory DNA sequences
